Abstract
Introduction
Approximately half of patients with major adverse coronary event (sudden cardiac death occurs or acute coronary syndromes) do not experience any symptoms or warning signs, emphasizing that it is crucial to early detect the subclinical coronary atherosclerosis for early intervention [1, 2] . Theoretically, coronary angiography (CAG) is the golden standard for diagnosis of coronary artery disease (CAD) in asymptomatic healthy population, but it is illegal due to its invasion feature. As a silver non-invasion diagnostic technique, coronary computed tomographic angiography (CTA) [3, 4] has been successfully used to detect the coronary atherosclerosis in asymptomatic individuals [5, 6, 7] , suggesting it was suitable to provide a better insight about spectrum of atherosclerosis, especially the obstructive CAD, in healthy population [8] .
In practice, it is an essential task to clarify the spectrum of coronary atherosclerosis in a specific asymptomatic healthy population for targeted intervention. Illustrating the distribution and determinants of early CAD in asymptomatic healthy population is the cornerstone of public health, and informs policy decisions and evidence-based practice for preventive healthcare. Furthermore, highlighting the spectrum of atherosclerosis (location, severity and characteristic of plaque) in coronary artery at population level is a useful instruction of clinical intervention for early prevention, conducting treatment and judging prognosis. Various CTA-based clinical coronary artery plaque scores had been created for measuring atherosclerosis plaque burden, including Total plaque score (TPS) [9, 10] , Segment-stenosis score (SSS) [9] , Calcium scoring [11, 12] , and coronary artery disease severity (CADS) [10] , 3-vessel plaque score [9] , etc. Among them, TPS, SSS and CADS were particularly appropriate for reflect the burden of atherosclerosis plaque in asymptomatic healthy population. TPS measured the plaque quantity by summarizing plaques in each segment of coronary artery, while SSS assessed the burden of atherosclerosis by combining plaque quantity with the degree of stenosis [9] . Follow-up studies demonstrated that both TPS and SSS were significant predictors for major adverse cardiac events (MACE) if their score were more than five points [9, 13] . In addition, CADS was defined by the max degree of stenosis among segments of coronary artery, and clinical study indicated that any coronary lumen lesions >50% would be diagnosed as obstructive CAD which is a predictor of hard cardiac events [10, 14, 15] .
We, therefore, conducted a pilot study by consecutively enrolling adult urban Han Chinese asymptomatic subjects who underwent CTA in routine healthy check-up for insight into the spectrum of coronary atherosclerosis in this specific population from 2010 to 2014. TPS, SSS and CADS were used to illustrate the distribution of coronary atherosclerosis burden, and further clarify the spectrum of atherosclerosis (location, severity and characteristic of plaque) in coronary artery. Furthermore, as serum lipid biomarkers, usually including total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglyceride(TG), were established as causal predictors for coronary artery atherosclerosis, their association with scores (TPS, SSS, CADS) were explored for attempting to create a simple and inexpensive tool for predicting the burden of coronary atherosclerosis in asymptomatic healthy population.
Method

Study Population
Three hundred and thirty one urban Han Chinese underwent CTA using 64-slice scanner for general routine health evaluation were consecutively enrolled from February 2010 and April 2014 in Health Management Centers of Shandong Provincial Qianfoshan Hospital, Affiliated Hospital of Jining Medical University, Shengli Oilfield Central Hospital in Shandong province, China. Every enrolled subjects finished iodine allergy test, which had hypersensitivity to iodine-based contrast agents were excluded. All participates were asked whether they had chest pain or equivalent symptoms according to a Rose angina questionnaire [16] . We excluded 24 who had chest pain or discomfort before enrolment without a diagnostic workup to rule out CAD (n = 4), a history of percutaneous coronary intervention (n = 13), a history of myocardial infarction/angina (n = 7). As a result, a total of 307 (256 male, 51 female) self-referred asymptomatic subjects were finally enrolled. Anthropometric measurements such as height, weight were measured with light clothing without shoes for calculating BMI by weight/height 2 (kg/m 2 ). Obesity was defined as BMI more than 28 (kg/m 2 ) [17] . Blood pressure (BP) was measured on the right arm from sitting position after 5 minute rest, chosen the average of three readings as the BP values. Hypertension was defined by a systolic blood pressure (SBP) ! 140 mmHg, a diastolic blood pressure (DBP) ! 90 mmHg or self-reported administration of antihypertensive medications. Smoking was defined as current smoking or cessation of smoking within 3 months. Among them, 95 subjects refused to offer their blood, and 212 were simultaneously tested the serum lipid (TC, HDL-C, LDL-C and TG). 2 of them failed in fasting blood-glucose (FBG) testing. Diabetes mellitus was defined as FBG more than 7.0 mmol/L or oral anti-diabetic therapy or insulin.
Ethics Statement
The ethics committee of Medicine School of Shandong University approved the study protocol and all participates provided written informed consents.
Date Acquisition
Participates with heart rates >70 beats/min were given 25mg oral metoprolol (metoprolol tartrate, AstraZeneca) before imaging acquisition, the targeting heart rate was <65 beats/min. The CTA were performed with a 64-slice scanner (Discovery CT750 HD, GE Healthcare). The initiation non-enhanced scan was fixed at the apices of lung and termination of scan at the level of the diaphragm. A bolus of 80ml iodixanol (370 mgI/ ml) was injected (5ml/s) and followed by 30ml saline solution. A region of interest was fixed in descending thoracic aorta, and image acquisition was automatically initiated once a threshold (120 Hounsfield units HU) had been reached with bolus tracking. The scanning parameters were: tube voltage 120KV, tube current 400mA, slice thickness 0.625mm, Pitch 0.2. The electrocardiogram of participates were simultaneously recorded to allow for retrospective segmental data reconstruction. If there are motion artifacts additional reconstruction were performed.
Image Analyses
All subjects underwent coronary CTA with a 64-slice scanner, their scans were transferred to dedicated workstation and analyzed by 2 expert readers. For any disagreement between 2 readers, a consensus interpretation was achieved to obtain a final diagnosis involving a third expert reader. All participates have normal sinus rhythm and capable of holding breath to meet the needing for CTA. The coronary artery tree was classified into 16 segments according to American Heart Association (AHA) classification [18] . The stenosis degree was visually classicized into four groups: normal, mild (<50% =, moderate (50% to 69%), severe (!70%) [19, 20] . Coronary artery stenosis percentage was determined by comparison the luminal diameter of obstructive segment to the most normal appearing site proximal to the plaque [9] . If the image quality cannot provide accurate stenosis degree owing to motion artifacts, stairstep artifacts or the presence of calcification the segment was assigned to most appropriate group [19] . Moreover, the same 16-segment model was used for visually assessment of coronary atherosclerosis plaque which is tissue structures >1 mm 2 existed either within the coronary artery lumen or adjacent to the coronary artery lumen that could be discriminated from surrounding tissue [19] . Plaques showing higher signal intensities than contrast enhanced lumen defined as calcified plaques (CP). Non-calcified plaques (NCP) were defined as any non-calcified stenosis >25% or any distinguishability structure in the coronary artery wall with a CT density less than contrastenhanced coronary lumen but greater than surrounding tissues. Plaques meeting these requirements meanwhile showing calcification were classified as mixed plaques (MP) [21] .
Based on above primary analysis, total plaque score (TPS), segment-stenosis score (SSS) and CAD severity (CADS) were used to illustrate the coronary atherosclerosis burden, and further clarify the spectrum of atherosclerosis (location, severity and characteristic of plaques) in coronary artery. 1) TPS was determined by summing the total number of segments exhibiting any stenosis or plaque irrespectively the degree of stenosis and the composition of the plaque which is ranging from 0 to 16, >5 points were defined as high-risk individual according to follow-up MACE (including ST-elevation myocardial infarction, non-ST-elevation myocardial infarction, acute coronary syndrome or cardiac death) [9, 10, 13] . 2) SSS was calculated as a measurement of total coronary plaque burden. Each segment was given a score from 0 to 3 [0 for normal, 1 for mild(<50%), 2 for moderate (50% to 69%), 3 for severe (!70%) according to the degree of lumen stenosis. The summation of the every segment score received an entire score ranging from 0 to 48 >5 points were defined as high-risk individual according to followup MACE [9, 10, 13] . 3) According to coronary CTA imaging, subjects were divided into three coronary artery disease severity categories: normal (coronary arteries without any stenosis or plaque), non-obstructive CAD (coronary artery lumen stenosis <50% and any kinds of atherosclerosis plaque), or obstructive CAD (any coronary lumen lesions >50%) which is also defined as high-risk individual according to follow-up MACE [10, 14] .
Serum Lipid Test
On the same day of CTA performed, venous blood samples were obtained by venipuncture of large antecubital veins of participates after overnight fasting. The blood was centrifuged for blood test at hospital's Department of Laboratory. Total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglyceride (TG) and fasting blood-glucose (FBG) were determined using automatic biochemical analyzer and accessory kits (OLYMPUS AU5400, Olympus, Japan). TC and TG were measured by enzyme spectrophotometric colorimetry, LDL-C and HDL-C by double reagent direct method, FBG by enzymic method.
Statistical Analysis
As TPS, SSS, CADS were skewed rather than normal distribution, median ± IQR (interquartile range) was used to describe their average and variation level, and nonparametric KruskalWallis test (H-test) for multiple comparison test was further used to test difference between compared groups (gender, age groups, etc.). For intuitively visualizing the spectrum of atherosclerosis burden, both incidence and proportion of TPS and SSS were mapped onto the coronary artery tree based on American Heart Association (AHA) classification [18] .
Furthermore, logistic regression model with gender & age adjusted was employed to identify independent predictors (lipid biomarkers, etc.) of atherosclerosis burden; the burden cut-off were defined as 1 for score >5 vs. 0 for score 5 for TPS and SSS based on the follow-up of major adverse cardiac events (MACE) [9, 13] , while 1 for CAD (non-obstructive or obstructive) vs. 0 for normal for CADS [14, 15] .
For all above involved hypothesis testing, a two-sided p value of <0.05 was considered statistically significant, and all analyses were performed with SAS 9.1.
Finely, receiver operating characteristic (ROC) curve was used to evaluate the discriminant effect for selected lipid predictors using the logistic regression model. The area under the curve (AUC) for the ROC analysis together with sensitivity, specificity, and criterion of probability of score >5 was calculated using MedCalc software for ROC curve analysis [22] . Table 1 summarized the baseline characteristics of participants (S1 Data). It revealed the imbalance sample size between male and female dues to self-referred healthy check-up. Also the age rage covered youth, middle and old people for both male and female, most of them were greater than 45 years old (85.01%). The dominant occupation were civil service were (33.88%) and company employees were (54.72%) for both male and female groups. Furthermore, statistical significant differences between male and female were detected for hypertension, diabetes, obesity and smoke status respectively. Fig 1 showed the general frequency distribution of TPS and SSS score, suggesting that both of them were extreme skewness distribution with their right long tail (S1 Data). For TPS (Table 2 and S1 Data), the median score was 2 with IQR of 3.5 for male and 1 with IQR of 2 for female (corresponding their mean score with deviation of 2.42±2.58 for male and 1.55±2.00 for female). The incidence of atherosclerosis plaque (score !1) was up to 71.34% (219/307) but just 11.07% (34/307) for score >5, indicating that the atherosclerosis plaque burden was serious with about one tenth as high risk individuals in this specific urban Han Chinese population. Similar trend (Table 2 and S1 Data) was also observed for SSS (median±IQR:2±3 for male and 1±2 for female, corresponding mean±deviation of 2.53±3.11 for male and 1.82±2.98 for female), with the incidence of 68.08% (209/307) for score !1, and of 15.31% (47/307) for score >5. For CADS ( Table 2) , incidence of stenosis was up to 71.34% (219/307), while obstructive CAD (any coronary lumen lesions >50%) reached 16.29% (50/307).
Results
Baseline Characteristics of Participants
General Distribution of Coronary Artery Atherosclerosis Burden
The Differences of Coronary Artery Atherosclerosis Burden in Gender and Age
As showed in Table 2 , all TPS, SSS and CADS revealed significant differences between genders as well as age groups, with male much higher than female (χ 2 = -2.4385, P = 0.0147 for TPS; χ 2 = -2.1618, P = 0.0306 for SSS), and increasing trends with age (χ 2 = 10.48, P = 0.0053 for 
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TPS; χ 2 = 13.37, P = 0.0013 for SSS), except no significant difference was observed between genders for CADS (χ 2 = -1.4312, P = 0.1524).
Spectrum of Atherosclerosis Burden in Coronary Artery
Fig 2 showed the spectrum of atherosclerosis burden (TPS on the top and SSS in the lower) in each segment by mapping their incidence & proportion onto the coronary artery tree (S1 Data). Obviously, for TPS, although plaque occurred on all 16 segments, the most lesion segment emerged on proximal left anterior descending artery (48.21%), followed by proximal right coronary artery (33.22%), mid left anterior descending artery (24.10%), proximal left circumflex artery (19.87%), and mid right coronary artery (18.57%), etc. Generally, among these high incidence lesion segments, the mixed plaque (MP) emerged as the most frequent type of plaque in left anterior descending artery, while non-calcified as dominant in right coronary artery and left circumflex artery. Similar pattern was also revealed for SSS (Fig 2 lower) 
Association Analysis between Lipid Biomarkers and Atherosclerosis Burden Scores
Assessment of Discriminant Model for Serious Atherosclerosis Burden using HDL-C as Predictor
Based on above logistic regression analysis, two prediction models for the probability of TPS score >5 (or SSS score >5) could easily developed.
P TPS score>5 ¼ expðÀ3:457 þ 1:2291sex þ 0:0586age À 2:1146HDLÞ 1 þ expðÀ3:457 þ 1:2291sex þ 0:0586age À 2:1146HDLÞ P SSS score>5 ¼ expðÀ2:6833 þ 0:8511sex þ 0:0529age À 1:8688HDLÞ 1 þ expðÀ2:6833 þ 0:8511sex þ 0:0529age À 1:8688HDLÞ : Fig 3 depicted the ROC curve for predicting atherosclerosis burden (for TPS score >5 in Fig  3 left , and for SSS score > 5 in Fig 3 right) with HDL-C as main predictor. The AUC for TPS score >5 was 0.73 (95%CI 0.66-0.79), and 0.70 (95%CI 0.63-0.76) for SSS score >5, suggesting that both models had good performance for identifying subjects with serious atherosclerosis burden. 
Discussion
In our result (Fig 1, Table 2 and S1 Data), the incidence of TPS score !1, SSS score !1,and CADS (non-obstructive and obstructive) were up to 71.34%, 68.08%, and 71.34%; and the proportion of high risk individuals [9, 13] reached up to 11.07%, 15.31% and 16.29% respectively. This indicated that the atherosclerosis plaque burden was serious with about one in ten as high risk individuals in this specific urban Han Chinese population. Similar high prevalence of atherosclerosis plaque had been detected in Taiwan general health check-up population (60%) [23] , in Mediterranean area of Spain voluntary population (53%) [24] . However, in a South Koreans general routine health evaluation population [5] , the prevalence of atherosclerosis plaque was only 21.5%. Therefore, different population might present different prevalence level of atherosclerosis plaque due to their different risk factors exposure background. The possible Values are mean ± SD; OR = odds ratio; CI = confidence interval; CAD = coronary artery disease. TG = triglyceride; TC = total cholesterol; HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; FBG = fasting blood-glucose; BMI = body mass index.
doi:10.1371/journal.pone.0132188.t003 reasons of much higher burden of atherosclerosis plaque in this specific urban Han Chinese population were higher proportion of male (83.39%), older (53.29±8.69), working at office and self-referred, etc. Furthermore, all TPS, SSS and CADS revealed significant differences between genders as well as age groups, with male much higher than female, and increasing trends with age, except no significant difference was observed between genders for CADS (seeing Table 2 ). Similar differences of atherosclerosis plaque between genders were also reported in Taiwan [23] , South Koreans [2] population, and United States and Europe [25] , perhaps due to the protection of estrogen against coronary atherosclerosis [26] . The increased trend with age of atherosclerosis burdens observed in this study coincided to the fact that age is the obviously prognostic predictor for atherosclerosis plaque. At present study, the whole spectrum of atherosclerosis burden was visualized on the coronary artery tree (TPS in Fig 2A and SSS in Fig 2B) , suggesting that the most lesion segment emerged on proximal left anterior descending artery, followed by proximal right coronary artery, mid left anterior descending artery, proximal left circumflex artery, and mid right coronary artery, etc. Similar distributions of atherosclerosis lesion were also detected in suspected CAD patients, chest pain or dyspnea patients. For examples, in a known or suspected CAD of Europeans patients, the most lesion segment was located proximal artery and followed by medial portions of artery by magnetic resonance perfusion imaging [27] ; a group of patient with chest pain or dyspnea in Dutch underwent coronary CTA showed the left anterior descending artery was the part of most lesions, followed by right and left circumflex artery [28] . The possible mechanism could be explained that hydrodynamic basis for early lesion development, which is locally disturbed flow, induces alterations that promote the steps of early atherosclerosis [29, 30] . Generally, the most emerged common lesion (Fig 2A) was mixed plaque (301, 42.94%), followed by non-calcified plaque (249, 35.52%) and calcified plaque (151, 21.54%). This revealed a quite difference from other self-referred asymptomatic healthy population in Taiwan with calcified plaque (44%) as dominant [23] , and in South Koreans with non-calcified plaque (37.8%) [7] due to their different risk exposure. From the spectrum of coronary atherosclerosis (Fig 2A and Fig 2B) , one can easily identify the incidence and characteristic of lesion in this specific urban Han asymptomatic healthy population. This was essential for early targeted intervention. Follow up study illustrated that subjects with proximal left anterior descending artery plaque exhibited higher of all-cause death [9] , suggesting that early management of asymptomatic atherosclerosis is significant in clinical practice. Furthermore, the composition and size of plaque in asymptomatic healthy population is more significant than luminal narrowing, because the prediction of MACE is more important than just assessment the ischemia of myocardial, and the vulnerable plaque is usually associated with NCP [31] . Therefore, NCP could improve risk stratification and predict future cardiovascular events for asymptomatic individuals.
HDL-C was recognized as a significant predictor to both TPS [OR: 0.12 (0.02-0.82)] and SSS [OR: 0.15 (0.03-0.76)], and revealed a good performance for identifying subjects with serious atherosclerosis burden with AUC for TPS score >5 of 0.73 (95%CI 0.66-0.79), and 0.70 (95%CI 0.63-0.76) for SSS score >5 in this specific urban Han Chinese asymptomatic healthy population (Table 3 and Fig 3) .Practically, HDL-C had been established a protective factor against coronary artery disease [32, 33, 34] . Theoretically, the major role of HDL-C in metabolism is reverse cholesterol transport which is cholesterol efflux from peripheral tissues to liver for biliary excretion [35, 36] . This metabolism process is the basis of prevention against CAD. Therefore, our findings were reasonable. In our study, no statistical significances were detected for TC, TG, LDL-C, FBG, BMI, hypertension, diabetes and obesity in this specific urban Han Chinese population. The possible reasons were the threshold of high-risk individuals and insufficient sample sizes. As there was no follow-up study of TPS and SSS in Chinese population currently, the threshold of high-risk individuals with TPS (score>5) and SSS (score>5) must only use the result of follow-up study in American population by James K. Min et al. this cutoff might not suitable for Chinese population [9] . In addition, only 212 subjects were used to detect the association between the serum lipid and atherosclerosis plaque burden dues to the financial insufficient in our study, large sample size cohort study of Chinese population will be conducted in our further work
Limitations
Selection bias would be inevitable due to the subjects were self-referred and urban residents in routine health check-up. Further investigation should be conducted in large community population for highlighting the whole spectrum of coronary atherosclerosis burden of general asymptomatic healthy population. Only serum lipid was included as covariates for early predicting atherosclerosis burden, more biomarkers should be detected for improving performance of the model by follow up study.
Conclusion
The atherosclerosis plaque burden was serious with about one in ten as high risk individuals in this specific urban Han Chinese population. On the whole spectrum of atherosclerosis burden, the most lesion segments emerged on proximal left anterior descending artery with mixed plaque as dominant. As potential surrogation of coronary CTA, HDL-C was recognized as a significant predictor to atherosclerosis burden and revealed a good performance for identifying high risk individuals. 
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